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ADVARCE CONFIDENTIAL REPORT

A’ CORRELATION OF THE EFFECTS OF COMPRESSION RATIO AND
INLET-AIR TEMPERATURE ON THE KNOCK LIMITS
OF AVIATION FUELS IN A CFR ENGINE - I

By Jom C. Evvard and J. Robert Branstetter
SUMMARY

A method of correlating the effeots of compression ratio and
inlet-alr temperature on the knook limits of aviation fuels 1s pre-
sented. The knock-limited compression-alr density when the plston
is at top center 1s plotted against the compression temperature.
Enock-limited performance teste of S-2 reference fuel, 28-R fuel,
and a blend containing 50 percent triptane plus 4,53 ml TEL per gal-
lon and S5O0 percent 28-R fuel 1n CFR engines were run to check the

method; & description of these tests and the data obtailned are
included.

INTRODUCTION

In order to evaluate the knock-limlited performance character-
istics of a fuel in a spark-ignition engine, many different engine
variabled, such as inlet-air temperature and pressure, spark advance,
compression ratio, and engine speed, should be comsidered. In con-
ventional englnes all of the aforementioned variables except compres-
8lon ratlo can usually be varled at the discretlon of the testing
engineer. Even In laboratory englnes speclally equipped for varying
the compression ratio, fuel tests are oftemn limited in number or
length by engine operating time or by an lnsufficlent fuel quantity.
If basic relations between the effects of the varlous engine vari-
ables could be determined, predicting the knock-limited performance
over & wlde range of engine operating condlitions from data. obtained

" over & relatively limited renge would -be- possible.

A ocorrelation involving end-gas density and temperature was
suggested in reference 1 as a means of indicating the knooking tend~-
ency of a fuel in an Internmal-combustion engine. ZEgquations for cal-
culating approximate values of end-gas density and temperature are
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given in references 1 and 2. .In reference l1l.it was also suggested
that a simplified demsity fdoctor might serve in place of the end-
aas density and that the inlet-air temperature might serve In place
of the end-gas temperature. Tests conducted at the Massachusetts
Institute of Technology over a limited range of engine orerating
conditions, described and analyzed in reference 3, showed that a
smooth curve resulted when the knock-limited density factor vas
plotted against the compression ra.tio.

In each of the foregolng oorrelationa , the density and the
tefnperature of the ocombustion gases in the knocking zone were con-
sidered to be funotions of the demsity and the temperature of the
charge in the intake manifold. If the characteristics of the
induction aystem - upop whioh the relation of the factors involved
are dependent - could bé eliminagted when the correlation method is
epplied, a more satisfactary emolation of engine operating vari-
ables would result.

A simple and practicsl method of correlating the effécts of
compression ratio and inlet-aily temperature upon the knock limit of
a fuel in a CFR engine was developed at the Cleveland laboratory of
the NACA during August 1944 and is descoribed herein. The knock-
limited compression-air density when the pilston 1s at top center 1s
plotted against the compression temperature, as calculated by
adiabatic-compression formulas, The method has beem checked by
(¥R engine tests of 8-2 reference fuel, 268-R fuel, and a blend con-
taining 50 percent triptane plus 4.53 ml TEL per gallon and 50 per-
eent 28-R fuel.

CORRELATION METHOD

The threshold of knocking combustion 1s probably controlled by
thw density and the temperature of the combustlion gases in the
knocking zone (reference 1), but the knocking reaction should not
Indicate whether changes in end-gas density and temperature are due
to variations in campression ratio or to equivalent ochanges in the
inlet-charge demsity and temperature. In a given engine operating
at constant speed and fuel-air ratio, the end-gas density amd teme
perature may be oondidered as functions of the compreassion-charge
density and temperature., In view of this comsideration, compres-
sion density and temperature may be used in place of end-gas density
and temperature whem correlating the effects of engine variables on
the knock limite of a fuel.

The ocompression-air density, as used hereinafter, is calou-
lated by dividing the alr flow to the cylinder per intake cycle dy
the clearance volums. In terms of cylinder displacement volume and
compression ratios

*
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compression-alr density, pounds per oub:lc inch

’

A intake-air flow,-pounds per ninute
R intake oyoles per'minute '
Vo ‘ eugine clea.renoe volume s cublo ;lnches )

r - GOmp;-essi.on-_rqtio_

va engine disx;la:eement volume, oubic inches ..

Other partial densities (the counterparts to partial pressures) ocan
be applied 1n place of compressiocn-air demslty with equal acouracy.
Partial densitles involving fuel flow, air flow, or simple sums of
the two can be converted from one to the other provided that the
fuel-air ratio is held constant. .

The effects of engine operating characteristics, such as fuel
vaporization, heat transfer to the cylinder walls, fuel-air ratio,
and preflame reactions, should be consldered in order to give an. :
acocurate caloulation of compression temperature. Because these con-
slderations would probably prove unnecessary In practice N however,
an adiabatic-oompreesicn formula -1s .suggested:

o - (7 l) - o (2)
vwhere .
T .ccmp.reesion-an- temperature, °R
To mtakeh-air temperature, °R -' . el

y ratio of specifioc heat of charge at ecnetant pressure to that )
at conata.nt volume

In order to illustrate the correlation method, the knock-limited
compressioh-air deénsity at constant fueliair ratio-(caloulated’from
equation (1)) is plotted against compression temperature (calculated
from equation (2)§ If the correlation method 1s satisfactory, a
reproducible curve should result when either inlet-air.temperature,
compression ratio, or both are varied.
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Equation 1) required air-flow data... Batause engine data are
usually reported in terms of indicated mean effective pressure,
indicated specific fuel comsumption, and fuel-alr ratio, the fol-
lowling well-known ldentity can be applied:

A imep X lafo . . (3) w

B¥d4  (w/a) x 2.378 x 107

where F 1s the rate of fuel flow, pounds per minute.

If the knock-limited data are given In terms of inlet-air pres-
sure and fuel-air ratio, an equation that expresses air flow as a
function of inlet-air pressure must be determined. If the intake- .
valve arrapngement of the engine offers no resistance to the incoming
charge and if the exhaust reslduals are lsothermally compressed by
the incoming charge, the alr flow may be approximated as follows: -

v A e M pr---pe> W
- nvy “R(r - 1) To ) N .

where

M average molecu;a;.uaight of air
R gas constant |

P inlet-air'préssurg'

pPg ©offective exhaust-back pressure

When the value of the air flow from expression (4) is substi-
tuted into equation (1), the compression-air demsity becomes:

s MfPY - P
P R _To—g) .. (5).

Either with or without the correction for exhaust back pressure pg,
the expression (pr - pg)/T, will be hereinafter called the approxi-
mate density factor. Without the small exhaust-pressure correctlon,
this approximate denslty factor ls the same as the slmplified den-
sity factor RP1/r; (pr/T, in the notation of this paper) sug-
gested in references 1 and 3. (For englnes with valve overlap
adJus:ed to give 100-percent scavenging of exhaust residuals, pg

is O. . '

It is emphasized that expression (4) contains approximations
that may not conform to experimental results.- Expressions (4) and
(5) should therefore be considered unrelisble until they are ade-
quately checked by tests with a glven engine.
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PRESERTATION OF DATA

" For the purpose of verifying the correlation method presented
herein, three sets of lkmock-limited performence data were cbtained
with supercharged CFR engines run at various compressien ratios and
Inlet-ailr temperatures. Series I and IIT were run with CFR engines
equipped with four-hole cylinders, dual igniticn, and fuel-and-air
metering systems similer to the one desoribed in reference 4.

Series II1 was run with a CFR engine equipped with a two-hole cyl-
inder, single ignition, and auxiliary equipment similar to that used
on an F-4 engine. The fuels tested and the engine operating condi-
tions for the three series of tests are given in the following table:

Beries| Fuel Compres- | Inlet-alr (Engine |Spark |Coolant]Oil
sion tempera- |[speed |advence |temper-|temper-
atio ture (rpm) |(deg ature [ature
(°F) B.T.C.){ (°F) (°F)
I 8-2 ’ 10}150, 200, | 2000 35 . 250 175
250
IT 28-R k, 8, 10{150, 250 | 1800 | 30 250 | 165
50 percent %, 6, 7,
triptane 7.5, 9, 250
4,53 ml 0.
T | el 10.5 81800 30 250 | 165
and’ 50 per- 100, 150
cont 28R 8 200, 250,
300, 350

BBecause this engine was coupled to an induction-current dynamometer,
the speed increased somewhat at high power outputs.

The data obtained during seriles I apd II are plotted in fig-
ures 1 and 2, respectively. Date from series IIT are shown 1in fig-
ures 3 and 4.

EXFERIMENTAL CHECK OF THE METHOD

The data in figure 1 were substituted in equations (1) and (2)
to show the offect of compression temperature on the kmock-limlted
compression-alr density i{i1g. 5). The orf.nste was ocaiculated by
means of equations (1) azi (3) and the aba!ssa by equation (2).
Although 7 may be affsuted by fuel-alr ratlo, fuel- varﬁrization,
proflame reactlions, engi-e design, and other englne varlables, a ¥
value of 1l.41 (the approrimate value for air at atmospharic condi-
tions) was selected as a first approximation and was found to be
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satisfactory for a CFR engine. The polnts plotted In figure 5 are
calculated points and are shown to Indicate the accuracy of the
correlation.

Figure 6 presents the correlatiomn curve for the 28-R fuel data
presented in figure 2., Figures 5 and 6 indicate that the correla-
tion method will apply to curremnt aviation fuels within the accuracy
of the experimental data.

The correlation curves for the triptane fuel-blend data teken
over a broad range of compression ratlios and inlet-air temperatures
(figs. 3 and 4) are plotted in figure 7. The correlation method
proved quite satlefactory in this case because the same curve appar-
ently resulted when elther inlet-alr temperature or compression ratlo
was varied.

The correlation curves of compression-alr density and tempera-
ture for the triptane blend (fig. 7) are steeper than the corres-
ponding ocurves for 28-R fuel (fig. 6). The knock-limited perform-
ance of triptane would therefore be expected to be more semsitlve to
changes of elther compression ratio or inlet-air temperature than
28-R fuel.

The extent to which approximate rather than measured compression-
alr densltles may Influence the accuraocy of the correlation can be
roughly estimated from the data of flgures 3 and 4. Curves of the
approximate demsity factor (from expression (5)) - with apd without
the correction for exhaust back pressure pe - agalnst compression
temperature are shown in figures 8 and 9, respectively. From an
Insgpection of the curves it is evident that the approximate density
factor with or without the correction for exhaust-back pressure can
be used only when a very rough correlation over a limited range of
compression ratios and Inlet-alr temperatures 1s desired.

Whether a correlation Involving curves of the simplified knock-
limited denselty factor pr/‘I‘° against elther the inlet-alr temper-
ature or the compression ratio (the methods described in references 1
and 3) might be satisfactorily eppiled to the CFR engine data pre-
gsented hereln was also consldered. Ilgures 10 and 11 demonstrate
that neilther of the simplified methods is eppllicable to the triptane
data presented in figures 3 and 4,
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SUMMARY OF RESULTS

A satisfactory correlation of the effects of compression ratio
and Inlet-air temperature on the knook limits of S-2 referemce fuel,
28-R fuel, and a blend containing 50 percent triptane plus 4.53 ml
TEL per gallon and SO percent 28-R fuel in CFR engines was cobtained
by plotting the variation of knock-limited compression-alr density
with compression temperature.

Aircraft Engine Research Laboratory,
National Advisory Committee for Aerecnautics,
Cleveland, Ohlo.,
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